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[57] ABSTRACT‘ 
An electric power steering apparatus of the invention is 
provided with a rotary detector for detecting a rota 
tional position of a motor, a vehicle speed sensor for 
detecting a vehicle speed, a torque sensor for detecting 
a steering torque, at calculating means for calculating 
angular velocity of aforesaid motor on the basis of 
aforesaid rotational position, and a target angular veloc 
ity setting means, wherein flow quantity of electric 
current to a motor for assisting steering force is made 
larger, when the steering torque is within a dead zone, 
correspondingly to the increase of the deviation on the 
basis of the deviation between the target angular veloc 
ity and the calculated angular velocity, thereby stabi 
lized steering feeling in the vicinity of the steering angle 
middle point at the time of returning the steering wheel 
steered by mostly using the steering torque being in the 
dead zone. 

And this power steering apparatus is capable of fully 
following up the rotation of the steering wheel as well 
as preventing the extreme returning of the steering 
wheel at the time of returning control, by subtracting 
subtractor current which is made small when both the 
steering torque and angular velocity are large, and 
made large when the steering torque is small and the 
angular velocity is large, from the driving current. 

12 Claims, 17 Drawing Sheets 
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POWER STEERING APPARATUS AND ROTARY 
DETECTOR USED THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electric power 

steering apparatus which assists force required for steer 
ing operation with turning force of a motor and to a 
rotary detector for detecting rotational position of the 
motor, particularly to a control of driving current given 
to the motor when a steering wheel is returned and to 
improvements of construction of the rotary detector. 

2. Description of Related Art 
An electric power steering apparatus has been devel 

oped which provides a driver a comfortable steering 
feeling by driving a motor for assisting steering force on 
the basis of a detected result of a steering torque exerted 
on a steering wheel and by assisting force required for 
steering a vehicle with turning force of the motor. 

This power steering apparatus consists of a rack shaft 
projected in the right and left direction of a vehicle 
body, the both ends thereof being connected to the right 
and left front wheels through each tie rod respectively, 
and a pinion shaft engaged with the rack shaft at the 
middle portion of the latter, interlockingly connected 
with the steering wheel. 

Vehicles, provided with steering mechanism of rack 
pinion system for carrying out steering operation by 
changing rotations of the pinion accompanying the 
rotational operation of the steering wheel into a move 
ment of longitudinal direction of the rack shaft, are 
divided broadly into the following two categories ac 
cording to the set position of the motor for assisting 
steering force, that is, the one wherein, the shaft of 
above said pinion is further projected from the engaged 
position with the rack shaft, aforesaid motor being pro 
vided at the projected portion through an appropriate 
speed reducer in order to transfer the turning force, and 
the other wherein, an auxiliary pinion engaged with 
aforesaid rack shaft is provided at a position in the axial 
direction different from aforesaid engaged position of 
the pinion, aforesaid motor being provided at aforesaid 
auxiliary pinion through an appropriate speed reducer 
in order to transfer the turning force, the former being 
named as one-pinion system, and the latter named two 
pinion system respectively according to the number of 
pinions engaged with the rack shaft. 

In this way, in any power steering apparatus afore 
mentioned has a problem that the steering feeling is not 
natural, as the turning force of the motor for assisting 
steering force is transferred to the extended portion of 
the shaft of the pinion or the auxiliary pinion through 
the speed reducer, thereby, when the steering wheel is 
returned to the position for going straight, the returning 
is made to be late by the moment of inertia of the motor 
rotor and the frictional resistance of the speed reducer. 

In order to solve the problem, there is an invention 
disclosed in Japanese Patent Application Laid-Open 
No. 61-215166, 1986. This is the one wherein the motor 
control is carried out by acceleration and deceleration 
function corresponding to the rotational speed of the 
motor as well as the restoring force by the motor is 
given to the steering wheel according to the restoring 
force function corresponding to the size of the steering 
angle. 

Aforesaid invention, however, has a problem that, 
assist force which is an essential aim of power steering 
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2 
is reduced, thereby assist characteristics being inter 
fered when speedy rotation of the motor such as quick 
handling is required, since the acceleration and deceler 
ation control and returning control of the motor are 
carried out by using rotational speed of the motor and 
the steering angle, whereby plugging torque becoming 
large particularly in high speed rotational area. And, 
since the restoring force is generated so that the steering 
wheel is returned to neutral position correspondingly to 
the steering angle, thereby steering feeling is not stabi 
lized due to the vehicle speed and inertia of the motor, 
leading the position of the steering wheel sometimes to 
exceed the neutral position, whereby causing a problem 
that astringency of the steering being bad in the return 
control of the steering wheel. 
On the other hand, as the turning force of the motor 

for assisting steering force is transferred to the pro 
jected portion of the shaft of the pinion or the auxiliary 
pinion, in the case where abnormality is generated in the 
motor for some reason, increasing rotational resistance 
of the output shaft thereof, thereby locking the output 
shaft, there sometimes is the case that steering cannot be 
carried out. As the conventional power steering appara 
tus to prevent the problems above mentioned, the one 
has been well known wherein an electromagnetic 
clutch is provided at the output shaft of the motor, and 
when the ignition key is ON, the motor and the speed 
reducer is separated by the electromagnetic clutch, then 
electric current is applied to the motor momentarily, 
thereby detecting the lock of the motor by electromo 
tive force generated when the motor rotates by the 
force of inertia. 

In the conventional power steering apparatus, how 
ever, as the presence of the lock of the motor is detected 
by electromotive force of the motor, the detection is 
only carried out when the ignition key is ON, thereby, 
in the case where the lock occurs in the motor during 
the running time, there is a problem that the presence of 
the lock is not detected. Accordingly, since the lock of 
the motor cannot be detected when abnormality is gen 
erated, leading to the lock of the motor, in the case 
where the steering mechanism cannot be steered, the 
conventional apparatus is not capable of coping with 
the situation. 

In order to detect the abnormality, it is considered to 
install a rotary detector for detecting the rotational 
condition of the motor on the motor, however, there is 
a problem that the tachogenerator of the conventional 
rotary detector is not capable of detecting the low speed 
rotation and rotational position, and there are also prob 
lems that a rotary encoder using a photo interrupter 
lacks heat resistance, deteriorates with the age, and 
costs high. 

SUMMARY OF THE INVENTION 

The invention has been devised in consideration of 
the circumstances. The ?rst object of the invention is to 
provide a power steering apparatus which does not 
impair the assist characteristics even in high speed rota 
tional area of a motor by detecting an angular velocity 
of the motor, and controlling the electric current which 
drives the motor correspondingly to the angular veloc 
ity and the steering torque. 
The second object of the invention is to provide a 

power steering apparatus which does not exceed in 
returning control of the steering wheel, thereby being 
good in astringency of the steering by setting the return 
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ing angular velocity of the steering wheel correspond 
ingly to the steering angle and the vehicle speed and 
changing the driving current supplied to the motor 
during the time of returning the steering wheel so that 
the actual angular velocity of the steering wheel agrees 
with aforesaid set value. 
The third object of the invention is to provide a 

power steering apparatus which does not make the 
vehicle incapable of steering by detecting the lock of 
the motor due to the steering torque and the rotational 
position of the motor, and then, by separating the clutch 
when the lock is generated. 
The above and further objects and features of the 

invention will more fully be apparent from the follow 
ing detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially broken front view showing one 
embodiment of a power steering apparatus according to 
the invention, 
FIG. 2 is an enlarged sectional view of the embodi 

ment along line 11-11 of FIG. 1, 
FIG. 3 is an enlarged sectional view showing a con 

struction of a rotary detector along line III—III of FIG. 
1! 
FIG. 4 is a waveform chart showing an output wave 

form of the rotary detector, 
FIG. Sis a block diagram showing a construction and 

operation of a control unit, 
FIG. 6-FIG. 10 are flow charts explanatory of each 

control operation, 
FIG. 11 is a graph showing a characteristic of rela 

tion between motor current and torque at an indicator 
current function unit, 
FIG. 12 is a ?ow chart showing an angular velocity 

control, 
FIG. 13 is a block diagram showing a construction 

and operation of a control unit of another embodiment, 
FIG. 14 is a graph showing a characteristic of a rela 

tion between motor current and torque at an indicator 
current function unit of another embodiment, 
FIG. 15 is a flow chart showing the return control of 

a steering wheel, 
FIG. 16 is a partially broken front view of the third 

embodiment of the power steering apparatus of the 
invention, and 
FIG. 17 is an enlarged sectional view of the same 

along line XVII~—-XVII of FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described referring to 
drawings showing embodiments thereof. FIG. 1 is a 
partially broken front view of a power steering appara 
tus related to the invention. FIG. 2 is an enlarged sec 
tional view along line 11-11 of FIG. 1. FIG. 3 is an 
enlarged sectional view showing a construction of a 
rotary detector along line III-III of FIG. 1. 

In the ?gures, reference numeral 1 designates a rack 
shaft inserted concentrically within a cylindrical rack 
shaft case 2 ?xed at a part of a vehicle body with its 
longitudinal direction as right-left direction. Numeral 3 
is a pinion shaft supported rotatably in the state that the 
shaft center thereof intersects obliquely against the rack 
shaft 1 at the inside of a pinion shaft case 4 connected 
following the vicinity of one end portion of the rack 
shaft 2. 
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4 
The pinion shaft 3, as shown in FIG. 2, consists of an 

upper shaft 3a and a lower shaft 3b connected coaxially 
with each other through a torsion bar 5, the upper shaft 
30 being supported inside of the pinion shaft case4 by a 
ball bearing 40 with its upper end portion interlockingly 
combined to a steering wheel through a universal joint 
not shown. And the lower shaft 3b at the neighborhood 
position of the upper end portion is supported inside of 
the pinion shaft case 4 by a four-point contact ball bear 
ing 41 in the state that the proper length of the under 
portion thereof is projected from a downside opening of 
the pinion shaft case 4. The four-point contact ball bear 
ing 41 is ?tted from outside to the lower shaft 31: from 
lower end portion side, and is positioned outside of the 
lower shaft 3b in the axial direction with both sides of 
the inner ring being hold, by steps formed in the vicinity 
of the upper end portion of the lower shaft 3b and collar 
42 ?xed from outside from the lower end portion side 
and caulked to the peripheral surface. Then it is ?tted 
into the pinion shaft case 4 together with the lower shaft 
3b from aforementioned downside opening, and is posi 
tioned inside of the pinion shaft case 4 in the axial direc 
tion with both sides of the outer ring being hold, by a 
circular shoulder part formed at the lower part of the 
case 4 and a lock nut 43 screwed to the case 4 from the 
opening, and loads radial load acting upon the lower 
shaft 3b and thrust load of both directions. 
At the middle portion of the lower shaft 3b projected 

from the pinion shaft case 4, pinion teeth 30 in an appro 
priate length are formed in the axial direction thereof. 
In the case where the pinion shaft case 4 is ?xed at the 
upper side of aforesaid rack shaft case 2 by ?xing bolt 
44, the pinion teeth 30 engages with rack teeth 10 
formed at a position a little close to one end portion of 
the rack shaft 1 in the axial direction thereof in an ap 
propriate length inside of the rack shaft case 2, making 
the lower shaft 3b with rack shaft 1 engage, with their 
shaft centers intersect obliquely with each other. The 
lower shaft 3b is extended downward further from the 
position of engagement with the rack shaft 1, a big bevel 
gear 31 with the teeth-formed face thereof tilting down 
ward being ?ttedly mounted coaxially with the lower 
shaft 3b at the lower end portion thereof. The lower 
shaft 3b is supported by needle roller bearing 33 in a 
bevel gear housing 20 connected following the down 
side of the rack shaft case 2 in the state of surrounding 
the big bevel gear 31. Accordingly, the lower shaft 3b is 
supported at both sides of the position of engagement of 
the rack teeth 10 with the pinion teeth 30 by the four 
point contact ball bearing 41 and needle roller bearing 
33, thereby ?exing quantity of the lower shaft 3b at the 
position of engagement is kept within the tolerance. 

Still more, at the position of engagement of the rack 
teeth 10 with the pinion teeth 30, a pressing piece 12 for 
pressing the rack shaft 1 by biasing force of a pressing 
spring 11 forward the pinion shaft 3 is provided so that 
the rack teeth 10 and the pinion teeth 30 can be engaged 
without any gap. The rack shaft 1 is, at the position of 
engagement, supported by the pressing piece 12 and the 
lower shaft 3b in the state that it is held from both sides 
of radial direction as well as it is supported by bearing 
bush 13 ?tted into an end portion of the rack shaft case 
2 opposite to the connected position of the pinion shaft 
case 4 with itself, it being movable freely in its axial 
direction inside of the rack shaft case 2. Both right and 
left end portions of the rack shaft 1 projected respec 
tively at both sides of the rack shaft case 2 is connected 
to tie rods 15, 15 stretching respectively to the right and 
















